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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING SEMICONDUCTOR
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a divisional application of U.S.
patent application Ser. No. 17/373,142, filed on Jul. 12,
2021, and claims priority under 35 U.S.C. § 119(a) to
Korean patent application number 10-2021-0017031 filed
on Feb. 5, 2021, in the Korean Intellectual Property Office,
the entire disclosure of which is incorporated by reference
herein.

BACKGROUND
1. Technical Field

The present disclosure relates to an electronic device, and
more particularly, to a semiconductor device and a method
of manufacturing the semiconductor device.

2. Related Art

An integration degree of a semiconductor device is
mainly determined by the area that is occupied by a unit
memory cell. Recently, as the integration degree of a semi-
conductor device that forms a memory cell in a single layer
on a substrate reaches a limit, a three-dimensional semicon-
ductor device in which memory cells are stacked on a
substrate is being proposed. In addition, in order to improve
operation reliability of the semiconductor device, various
structures and manufacturing methods are being developed.

SUMMARY

According to an embodiment of the present disclosure, a
method of manufacturing a semiconductor device may
include forming a stack with alternately stacked first mate-
rial layers and second material layers, forming an opening
passing through the stack, forming a memory layer in the
opening, forming a slit passing through the stack and expos-
ing the first material layers and the second material layers,
and forming first barrier patterns, without removing the
second material layers, by partially oxidizing the memory
layer through the second material layers.

According to an embodiment of the present disclosure, a
semiconductor device may include a gate structure with
alternately stacked conductive layers and insulating layers,
a channel layer passing through the gate structure, a memory
layer positioned between the channel layer and the conduc-
tive layers, and barrier patterns positioned between the
channel layer and the insulating layers and separated from
each other by the memory layer, and each of the barrier
patterns may include a sidewall facing the memory layer,
and the sidewall includes a curved surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams illustrating a structure of
a semiconductor device according to an embodiment of the
present disclosure.

FIGS. 2A and 2B are diagrams illustrating a structure of
a semiconductor device according to an embodiment of the
present disclosure.
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FIGS. 3A and 3B are diagrams illustrating an operation
principle of a semiconductor device according to an embodi-
ment of the present disclosure.

FIGS. 4A to 4D are diagrams illustrating a method of
manufacturing a semiconductor device according to an
embodiment of the present disclosure.

FIGS. 5A and 5B are diagrams illustrating a method of
manufacturing a semiconductor device according to an
embodiment of the present disclosure.

FIG. 6 is a diagram illustrating a memory system accord-
ing to an embodiment of the present disclosure.

FIG. 7 is a diagram illustrating a memory system accord-
ing to an embodiment of the present disclosure.

FIG. 8 is a diagram illustrating a memory system accord-
ing to an embodiment of the present disclosure.

FIG. 9 is a diagram illustrating a memory system accord-
ing to an embodiment of the present disclosure.

FIG. 10 is a diagram illustrating a memory system accord-
ing to an embodiment of the present disclosure.

DETAILED DESCRIPTION

Specific structural or functional descriptions of embodi-
ments according to the concept which are disclosed in the
present specification or application are illustrated only to
describe the embodiments according to the concept of the
present disclosure. The embodiments according to the con-
cept of the present disclosure may be carried out in various
forms and should not be construed as being limited to the
embodiments described in the present specification or appli-
cation.

An embodiment of the present disclosure provides a
semiconductor device with a stable structure and an
improved characteristic, and a method of manufacturing the
semiconductor device.

An integration degree of a semiconductor device may be
improved by stacking memory cells in a three dimension. In
addition, a semiconductor device with a stable structure and
improved reliability may be provided.

FIGS. 1A and 1B are diagrams illustrating a structure of
a semiconductor device according to an embodiment of the
present disclosure. FIG. 1B is an enlarged view of a region
A of FIG. 1A.

Referring to FIG. 1A, the semiconductor device may
include a gate structure GST, a memory layer 13, and barrier
patterns 16. The semiconductor device may further include
a channel layer 14, an insulating core 15, a blocking layer
17, a tunnel insulating layer 19, or a combination thereof.

The gate structure GST may include conductive layers 11
and insulating layers 12 that are alternately stacked. The
conductive layers 11 may be gate electrodes of a memory
cell, a select transistor, and the like. The conductive layers
11 may include a conductive material, such as polysilicon,
tungsten, molybdenum, or metal. The insulating layers 12
may be insulating the stacked conductive layers 11 from
each other. The insulating layers 12 may include an insu-
lating material, such as oxide, nitride, and an air gap.

The channel layer 14 may pass through the gate structure
GST. The channel layer 14 may extend in a stack direction
of'the conductive layers 11 and the insulating layers 12. The
channel layer 14 may be a region in which a channel of the
memory cell, the select transistor, or the like is formed. The
channel layer 14 may include a semiconductor material. As
an example, the channel layer 14 may include silicon,
germanium, nanostructure, or the like. For reference, the
semiconductor device may include a conductive layer
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instead of the channel layer 14. The conductive layer may be
an electrode layer, a vertical bit line, or the like.

The insulating core 15 may be formed in the channel layer
14. The insulating core 15 may have a structure with a single
layer or multiple layers. The insulating core 15 may include
an insulating material, such as oxide, nitride, and an air gap.
As an example, the insulating core 15 may be omitted, and
the channel layer 14 may be filled to a center.

The memory layer 13 may pass through the gate structure
GST. The memory layer 13 may be formed to surround the
channel layer 14. The memory layer 13 may be positioned
between the channel layer 14 and the conductive layers 11,
and the memory layer 13 may extend between the channel
layer 14 and the barrier patterns 16. The memory layer 13
may include a floating gate, a charge trap material, polysili-
con, nitride, a variable resistance material, a phase change
material, or the like, or may include a combination thereof.

The memory layer 13 may include grooves G on a
sidewall. The grooves G may be positioned to correspond
with the insulating layers 12, respectively. The grooves G
may surround the barrier patterns 16, respectively. Each of
the grooves G may include a curved surface. The memory
layer 13 may include an inner wall that faces the channel
layer 14 and an outer wall that faces the gate structure GST,
and the grooves G may be positioned on the outer wall.

The tunnel insulating layer 19 may be positioned between
the channel layer 14 and the memory layer 13. The tunnel
insulating layer 19 may be formed to surround a sidewall of
the channel layer 14. The tunnel insulating layer 19 may
include oxide.

The blocking layer 17 may be positioned between the
memory layer 13 and the conductive layers 11. The blocking
layer 17 may be formed to surround the memory layer 13.
As an embodiment, the blocking layer 17 may be formed to
surround the memory layer 13 and the barrier patterns 16
and may extend in the stack direction. As an embodiment,
the semiconductor device may include blocking patterns
instead of the blocking layer 17. The blocking patterns may
be positioned between the memory layer 13 and the con-
ductive layers 11 and between the conductive layers 11 and
the insulating layers 12. Each of the blocking patterns may
have a C-shaped cross section.

The barrier patterns 16 may provide an energy barrier for
limiting a charge transferal in the memory layer 13. The
barrier patterns 16 may be positioned to correspond with the
insulating layers 12, respectively. Therefore, the transferal of
the charge in a portion of the memory layer 13 that corre-
sponds with the insulating layers 12 may be limited.

The barrier patterns 16 may be positioned between the
insulating layers 12 and the memory layer 13 or between the
memory layer 13 and the blocking layer 17. The barrier
patterns 16 may be separated from each other and may be
spaced apart from each other in the stack direction.

Referring to FIGS. 1A and 1B, each of the barrier patterns
16 may include a first sidewall SW1 that faces the memory
layer 13. The first sidewall SW1 may include a curved
surface. The first sidewall SW1 may be in contact with the
groove G. Each of the barrier patterns 16 may include a
second sidewall SW2 that faces the insulating layers 12. The
second sidewall SW2 may be flat. Each of the barrier
patterns 16 may have a first width W1, and each of the
insulating layers 12 may have a second width W2. The first
width W1 may be the same as or may be different from the
second width W2.

The barrier patterns 16 may include oxide. As an example,
the barrier patterns 16 may include a material that is
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obtained by oxidizing the memory layer 13. The barrier
patterns 16 may include silicon nitride oxide, silicon oxide,
or a combination thereof.

According to the structure as described above, the
memory cell or the select transistor may be positioned at a
portion in which the channel layer 14 and the conductive
layers 11 cross each other. The stacked memory cells may
share the memory layer 13. A space area may be defined
between the stacked memory cells, and the barrier patterns
16 may be positioned in the space area. Therefore, the
charge may be prevented or reduced from transferring
between the stacked memory cells by increasing the energy
barrier of the space area by the barrier patterns 16.

FIGS. 2A and 2B are diagrams illustrating a structure of
a semiconductor device according to an embodiment of the
present disclosure. Hereinafter, the content repetitive to the
previously described content is omitted.

Referring to FIG. 2A, the semiconductor device may
include a gate structure GST, memory patterns 23, and
barrier patterns 26. The semiconductor device may further
include a channel layer 24, an insulating core 25, a blocking
layer 27, a tunnel insulating layer 29, or a combination
thereof.

The gate structure GST may include conductive layers 21
and insulating layers 22 that are alternately stacked. The
channel layer 24 may pass through the gate structure GST.
The insulating core 25 may be formed in the channel layer
24.

The memory patterns 23 may be formed to surround the
channel layer 24. The memory patterns 23 may be separated
from each other by the barrier patterns 26. The memory
patterns 23 may include a floating gate, a charge trap
material, polysilicon, nitride, a variable resistance material,
a phase change material, or the like, or may include a
combination thereof.

The tunnel insulating layer 29 may be positioned between
the channel layer 24 and the memory patterns 23 and
between the channel layer 24 and the barrier patterns 26.
Each of the memory patterns 23 may include a sidewall that
faces the barrier patterns 26 and may include a groove G on
the sidewall.

The blocking layer 27 may be positioned between the
memory patterns 23 and the conductive layers 21. The
blocking layer 27 may be formed to surround the memory
patterns 23 and the barrier patterns 26.

The barrier patterns 26 may limit a charge transferal
between the memory patterns 23. The barrier patterns 26
may be positioned between the blocking layer 27 and the
tunnel insulating layer 29. The barrier patterns 26 may be
separated from each other by the memory patterns 23.

Referring to FIGS. 2A and 2B, each of the barrier patterns
26 may include a sidewall SW that faces the memory
patterns 23. The sidewall SW may include a curved surface.
The sidewall SW may be in touch with the groove G. The
barrier pattern 26 may face or contact the blocking layer 27
or the insulating layer 22 at the first area AR1. The barrier
pattern 26 may face or contact the tunnel insulating layer 29
or the channel layer 24 at the second area AR2. The first area
ARI1 and the second area AR2 may be the same or may be
different. As an embodiment, the first area AR1 may be
greater than the second area AR2.

According to the structure as described above, a memory
cell or a select transistor may be positioned at a portion in
which the channel layer 24 and the conductive layers 21
cross each other. Each of the stacked memory cells may
include the memory patterns 23, and the barrier patterns 26
may be positioned between the stacked memory cells.



US 12,200,937 B2

5

Therefore, the charge may be prevented or reduced from
transferring between stacked memory cells.

FIGS. 3A and 3B are diagrams illustrating an operation
principle of a semiconductor device according to an embodi-
ment of the present disclosure. Hereinafter, the content that
is repetitive to the previously described content is omitted.

Referring to FIGS. 3A and 3B, each of memory cells MC
may include a channel layer 34, a memory layer 33, and a
gate electrode 31. The memory cells MC may be horizon-
tally arranged on a substrate or may be stacked on the
substrate.

During the program operation, the selected memory cell
MC may be programmed by injecting a charge into the
memory layer 33 from the channel layer 34. During an erase
operation, the memory cell MC may be erased by discharg-
ing a charge from the memory layer 33 to the channel layer
34 or by injecting a hole from the channel layer 34 into the
memory layer 33.

Referring to FIG. 3A, the memory cells MC may share the
memory layer 33. As an embodiment, the memory layer 33
may include silicon nitride (Si;N,) and may have a band gap
energy B1 of about 5 eV. Here, the band gap energy may be
a difference between an energy level of a conduction band
(Ec) and an energy level of a valence band (Ev). In a space
area between the memory cells MC, the memory layer 33
might not have an energy barrier sufficient to block a charge
transferal between the memory cells MC. Therefore, a
charge may be transferred from a programmed memory cell
MC_P to an erased memory cell MC_E.

Referring to FIG. 3B, a barrier pattern 36 may exist for
each space area. As an embodiment, the barrier patterns 36
may include silicon oxide (SiO,) or silicon oxynitride
(SiON) and may have a band gap energy B2 of about 8 eV.
In the space area, the barrier patterns 36 may provide an
energy barrier that is sufficient to prevent or reduce the
charge transferal between the memory cells MC. Therefore,
the transferal of the charge from the programmed memory
cell MC_P to the erased memory cell MC_E may be
prevented or reduced.

Meanwhile, in the present embodiment, a case in which
the memory cells MC share the memory layer 33 is
described, but as described above with reference to FIGS.
2A and 2B, each of the memory cells MC may include the
memory patterns.

FIGS. 4A to 4D are diagrams illustrating a method of
manufacturing a semiconductor device according to an
embodiment of the present disclosure. Hereinafter, the con-
tent repetitive to the previously described content is omitted.

Referring to FIG. 4A, a stack ST may be formed. The
stack ST may include first material layers 41 and second
material layers 42 that are alternately stacked. The first
material layers 41 may include a material with a high etching
selectivity with respect to the second material layers 42. For
example, the first material layers 41 may include a sacrificial
material, such as nitride, and the second material layers 42
may include an insulating material, such as oxide. As
another example, the first material layers 41 may include a
conductive material, such as polysilicon, tungsten, and
molybdenum, and the second material layers 42 may include
an insulating material, such as oxide.

Subsequently, a first opening OP1 that passes through the
stack ST may be formed. The first opening OP1 may have
a plane of a circle, an ellipse, a polygon, or the like. As an
embodiment, a plurality of first openings OP1 that are
arranged in a first direction and a second direction, crossing
the first direction, may be formed.
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Subsequently, a memory layer 43 may be formed in the
first opening OP1. The memory layer 43 may include a
floating gate, a charge trap material, polysilicon, nitride, a
variable resistance material, a phase change material, a nano
structure, and the like. Subsequently, a channel layer 44 may
be formed in the memory layer 43. A conductive layer may
also be formed instead of the channel layer 44. Subse-
quently, an insulating core 45 may be formed in the channel
layer 44.

For reference, before forming the memory layer 43, a
blocking layer 47 may be further formed. Before the channel
layer 44 is formed, a tunnel insulating layer 49 may be
further formed. As an embodiment, the blocking layer 47
may be formed in the first opening OP1, the memory layer
43 may be formed in the blocking layer 47, the tunnel
insulating layer 49 may be formed in the memory layer 43,
the channel layer 44 may be formed in the tunnel insulating
layer 49, and the insulating core 45 may be formed in the
channel layer 44.

Referring to FIG. 4B, a slit SL that passes through the
stack may be formed. The slit SL. may be formed at a depth,
passing through the first material layers 41. Sidewalls
41_SW1 of the first material layers 41 and sidewalls
42_SW2 of the second material layers 42 may be exposed by
the slit SL.

Subsequently, the memory layer 43 may be partially
oxidized to form first barrier patterns 46. An oxidation
process may be performed by supplying an oxygen source
gas through the slit SL. Since the memory layer 43 is not
exposed through the slit SL, the oxygen source gas may
permeate through the second material layers 42 to oxidize
the memory layer 43. The oxygen source gas may include
H,O gas, O, gas, N,O gas, NO gas, or a combination
thereof.

The first barrier patterns 46 may include a material that is
obtained by oxidizing the memory layer 43. As an example,
the memory layer 43 may include silicon nitride, and the first
barrier patterns 46 may include a material that is obtained by
oxidizing silicon nitride. The first barrier patterns 46 may
include silicon nitride oxide. Alternatively, the first barrier
patterns 46 with silicon oxide may be formed by increasing
an oxidation rate of the memory layer 43. The first barrier
patterns 46 may include a combination of silicon nitride
oxide and silicon oxide.

The oxidation process may be performed while the first
material layers 41 and the second material layers 42 remain.
During the oxidation process, a reaction rate between the
second material layers 42 and the oxygen source gas may be
different from a reaction rate between the first material
layers 41 and the oxygen source gas. Therefore, the oxygen
source gas may be selectively supplied through the second
material layers 42 by using the reaction rate difference.

During the oxidation process, the second material layers
42 might not react with the oxygen source gas or may have
a reaction rate with the oxygen source gas that is lower than
that of the first material layers 41. Therefore, the oxygen
source gas may permeate into the second material layers 42
through the sidewalls 42_SW2 and may reach the memory
layer 43. When the blocking layer 47 exists in the first
opening OP1, the oxygen source gas may permeate into the
second material layers 42 and the blocking layer 47 and may
reach the memory layer 43. Therefore, portions of the
memory layer 43 that correspond to the second material
layers 42 may be selectively oxidized, and the first barrier
patterns 46 may be formed.

During the oxidation process, the first material layers 41
may react with the oxygen source gas and may have a
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reaction rate with the oxygen source gas that is higher than
that of the second material layers 42. The oxygen source gas
that is supplied through the slit SL. may react with the first
sidewalls 41_SW1, the first sidewalls 41_SW1 may be
oxidized, and thus, the second barrier patterns 48 may be
formed. The second barrier patterns 48 may block the
permeation of the oxygen source gas into the first material
layers 41 or may reduce the permeation rate. The second
barrier patterns 48 may include silicon nitride oxide, silicon
oxide, or a combination thereof.

The oxygen source gas may selectively permeate into the
second material layers 42 by using the reaction rate differ-
ence as described above. An oxygen source gas permeation
rate of the second material layers 42 may be higher than an
oxygen source gas permeation rate of the first material layers
41. Therefore, portions of the memory layer 43 that corre-
spond to the second material layers 42 may be selectively
oxidized, and thus, the first barrier patterns 46 may be
formed. In addition, the oxidation thickness of a portion of
the memory layer 43 to which a relatively large amount of
oxygen source gas permeates and an oxidation thickness of
a portion to which a relatively small amount of oxygen
source gas permeates may differ. Therefore, each of the first
barrier patterns 46 may have a C-shaped cross section.

During the oxidation process, the oxidation rate of the
memory layer 43 may be adjusted according to a process
condition. In addition, the depth at which the memory layer
43 is oxidized may be adjusted according to the oxidation
rate. When the oxidation rate is relatively low, the memory
layer 43 may be partially oxidized in thickness, and the
memory layer 43 may remain between the first barrier
patterns 46 and the tunnel insulating layer 49. When the
oxidation rate is relatively high, the memory layer 43 may
be entirely oxidized in thickness, and the memory layer 43
may not remain between the first barrier patterns 46 and the
tunnel insulating layer 49.

Each of the first barrier patterns 46 may have a first
sidewall SW1 that faces the memory layer 43 and a second
sidewall SW2 that faces the blocking layer 47 or the second
material layer 42. The first sidewall SW1 may include a
curved surface. The second sidewall SW2 may be flat. The
memory layer 43 may include grooves that are caused by the
oxidation process, and the grooves may have a shape that
surrounds the first barrier patterns 46.

Referring to FIG. 4C, the second barrier patterns 48 may
be removed. Therefore, the first sidewalls 41_SW1 of the
first material layers 41 may be exposed. The first sidewalls
41_SWI1 may include a curved surface. As an embodiment,
the second barrier patterns 48 may be selectively etched.
Alternatively, in a process of etching the second barrier
patterns 48, the second material layers 42 that are exposed
through the slit SI. may be partially etched.

Referring to FIG. 4D, the first material layers 41 may be
replaced with third material layers 40 through the slit SL. As
an embodiment, after the first material layers 41 are removed
to form the second openings OP2, conductive layers may be
formed in the second openings OP2, respectively. As an
embodiment, the first material layers 41 may be silicided
through the slit SL. Thus, the gate structure GST with the
second material layers 42 and the third material layers 40
that are alternately stacked is formed.

Subsequently, although not shown in the present drawing,
a slit structure may be formed in the slit SL.. The slit
structure may include a conductive material, an insulating
material, or a combination thereof. As an embodiment, the
slit structure may include a contact plug and an insulating
spacer that surrounds a sidewall of the contact plug.
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According to the manufacturing method as described
above, the first barrier patterns 46 may be formed without
removing the second material layers 42. Before replacing the
first material layers 41 with the third material layers 40, the
first barrier patterns 46 may be formed by using an oxidation
process. The charge transferal between the memory cells
may be blocked or reduced by forming the first barrier
patterns 46 to provide an energy barrier in the memory layer
43.

FIGS. 5A and 5B are diagrams illustrating a method of
manufacturing a semiconductor device according to an
embodiment of the present disclosure. Hereinafter, the con-
tent repetitive to the previously described content is omitted.

Referring to FIG. 5A, a stack ST with first material layers
51 and second material layers 52 that are alternately stacked
is formed. Subsequently, an opening through the stack is
formed. Subsequently, a blocking layer 57, a memory layer
53, a tunnel insulating layer 59, a channel layer 54, and an
insulating core 55 may be formed in the opening or some
thereof may be formed in the opening.

Referring to FIG. 5B, a slit SL that passes through the
stack ST may be formed. Subsequently, first barrier patterns
56 may be formed by partially oxidizing the memory layer
53 by supplying an oxygen source gas through the slit SL.
A portion of the memory layer 53 that corresponds to the
second material layers 52 may be selectively oxidized.

During an oxidation process, the depth at which the
memory layer 53 is oxidized may be adjusted by adjusting
the oxidation rate. Therefore, the shapes of the first barrier
patterns 56 and the remaining memory layer 53 may be
adjusted. As an example, the first barrier patterns 56 and
memory patterns 53A may be formed by entirely oxidizing,
in thickness, the memory layer 53 at a high oxidation rate.
The first barrier patterns 56 may be positioned to correspond
with the second material layers 52, and the memory patterns
53A may be positioned to correspond with the first material
layers 51. The memory patterns 53 A may be separated from
each other by the first barrier patterns 56. The first barrier
patterns 56 may be in contact with a tunnel insulating layer
59 or a channel layer 54.

Each of'the first barrier patterns 56 may include a sidewall
SW that faces the memory patterns 53A. The sidewall SW
may include a curved surface. The memory patterns 53A
may include grooves G that are caused by the oxidation
process, and the grooves G may have a shape that surrounds
the first barrier patterns 56. The area at which the first barrier
pattern 56 is in contact with the blocking layer 57 and the
area at which the first barrier pattern 56 is in contact with the
tunnel insulating layer 59 may be the same or may be
different.

When forming the first barrier patterns 56, second barrier
patterns 58 may be formed on a sidewall of the first material
layers 51 exposed through the slit SL.. The second barrier
pattern 58 may be removed or may remain in a subsequent
process.

According to the manufacturing method as described
above, the first barrier patterns 56 may be formed by using
the oxidation process without removing the second material
layers 52. The charge transferal between the memory cells
may be blocked or reduced by forming the first barrier
patterns 56 to provide an energy barrier between the memory
patterns S3A.

FIG. 6 is a diagram illustrating a memory system accord-
ing to an embodiment of the present disclosure.

Referring to FIG. 6, the memory system 1000 may
include a memory device 1200 in which data is stored, and
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a controller 1100 communicating between the memory
device 1200 and a host 2000.

The host 2000 may be a device or system that stores data
in the memory system 1000 or retrieves data from the
memory system 1000. The host 2000 may generate requests
for various operations and may output the generated requests
to the memory system 1000. The requests may include a
program request for a program operation, a read request for
a read operation, an erase request for an erase operation, and
the like. The host 2000 may communicate with the memory
system 1000 through various interfaces such as peripheral
component interconnect express PCle), advanced technol-
ogy attachment (ATA), serial ATA (SATA), parallel ATA
(PATA), serial attached SCSI (SAS), nonvolatile memory
express (NVMe), universal serial bus (USB), multi-media
card (MMC), enhanced small disk interface (ESDI), or
integrated drive electronics (IDE).

The host 2000 may include at least one of a computer, a
portable digital device, a tablet, a digital camera, a digital
audio player, a television, a wireless communication device,
or a cellular phone, but embodiments of the present disclo-
sure are not limited thereto.

The controller 1100 may generally control an operation of
the memory system 1000. The controller 1100 may control
the memory device 1200 according to the request of the host
2000. The controller 1100 may control the memory device
1200 so that the program operation, the read operation, the
erase operation, and the like may be performed according to
the request of the host 2000. Alternatively, the controller
1100 may perform a background operation or the like for
improving performance of the memory system 1000 even
though the request of the host 2000 does not exist.

The controller 1100 may transmit a control signal and a
data signal to the memory device 1200 in order to control the
operation of the memory device 1200. The control signal
and the data signal may be transmitted to the memory device
1200 through different input/output lines. The data signal
may include a command, an address, or data. The control
signal may be used to divide a section in which the data
signal is input.

The memory device 1200 may perform the program
operation, the read operation, the erase operation, and the
like under control of the controller 1100. The memory
device 1200 may be implemented with a volatile memory
device in which stored data is destroyed when power supply
is cut off, or a nonvolatile memory device in which stored
data is maintained even though power supply is cut off. The
memory device 1200 may be the semiconductor device with
the structure described above with reference to FIGS. 1A to
2B. The memory device 1200 may be the semiconductor
device manufactured by the manufacturing method
described above with reference to FIGS. 4A to 5B. As an
embodiment, the semiconductor memory device may
include a gate structure including alternately stacked con-
ductive layers and insulating layers, a channel layer passing
through the gate structure, a memory layer positioned
between the channel layer and the conductive layers, and
barrier patterns positioned between the channel layer and the
insulating layers and separated from each other by the
memory layer, and each of the barrier patterns may include
a sidewall facing the memory layer, and the sidewall
includes a curved surface.

FIG. 7 is a diagram illustrating a memory system accord-
ing to an embodiment of the present disclosure.

Referring to FIG. 7, the memory system 30000 may be
implemented as a cellular phone, a smart phone, a tablet, a
personal computer (PC), a personal digital assistant (PDA),
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or a wireless communication device. The memory system
30000 may include a memory device 2200 and a controller
2100 that is capable of controlling an operation of the
memory device 2200.

The controller 2100 may control a data access operation,
for example, a program operation, an erase operation, a read
operation, or the like, of the memory device 2200 under
control of a processor 3100.

Data that is programmed in the memory device 2200 may
be output through a display 3200 under the control of the
controller 2100.

A radio transceiver 3300 may transmit and receive a radio
signal through an antenna ANT. For example, the radio
transceiver 3300 may convert a radio signal that is received
through the antenna ANT into a signal that may be processed
by the processor 3100. Therefore, the processor 3100 may
process the signal that is output from the radio transceiver
3300 and transmit the processed signal to the controller 2100
or the display 3200. The controller 2100 may transmit the
signal that is processed by the processor 3100 to the memory
device 2200. In addition, the radio transceiver 3300 may
convert a signal that is output from the processor 3100 into
a radio signal, and output the converted radio signal to an
external device through the antenna ANT. An input device
3400 may be a device that is capable of inputting a control
signal for controlling the operation of the processor 3100 or
data to be processed by the processor 3100. The input device
3400 may be implemented as a pointing device, such as a
touch pad or a computer mouse, a keypad, or a keyboard.
The processor 3100 may control an operation of the display
3200 so that data that is output from the controller 2100, data
that is output from the radio transceiver 3300, or data that is
output from the input device 3400 is output through the
display 3200.

According to an embodiment, the controller 2100 that is
capable of controlling the operation of memory device 2200
may be implemented as a part of the processor 3100 and may
be implemented as a chip that is separate from the processor
3100.

FIG. 8 is a diagram illustrating a memory system accord-
ing to an embodiment of the present disclosure.

Referring to FIG. 8, the memory system 40000 may be
implemented as a personal computer (PC), a tablet, a net-
book, an e-reader, a personal digital assistant (PDA), a
portable multimedia player (PMP), an MP3 player, or an
MP4 player.

The memory system 40000 may include the memory
device 2200 and the controller 2100 that is capable of
controlling a data process operation of the memory device
2200. A processor 4100 may output data stored in the
memory device 2200 through a display 4300, according to
data input through an input device 4200. For example, the
input device 4200 may be implemented as a point device
such as a touch pad or a computer mouse, a keypad, or a
keyboard.

The processor 4100 may control the overall operation of
the memory system 40000 and control the operation of the
controller 2100. According to an embodiment, the controller
2100 that is capable of controlling the operation of memory
device 2200 may be implemented as a part of the processor
4100 or may be implemented as a chip that is separate from
the processor 4100.

FIG. 9 is a diagram illustrating a memory system accord-
ing to an embodiment of the present disclosure.

Referring to FIG. 9, the memory system 50000 may be
implemented as an image processing device, for example, a
digital camera, a portable phone that is provided with a
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digital camera, a smart phone that is provided with a digital
camera, or a tablet that is provided with a digital camera.

The memory system 50000 includes the memory device
2200 and the controller 2100 that is capable of controlling a
data process operation, for example, a program operation, an
erase operation, or a read operation, of the memory device
2200.

An image sensor 5200 of the memory system 50000 may
convert an optical image into digital signals. The converted
digital signals may be transmitted to a processor 5100 or the
controller 2100. Under the control of the processor 5100, the
converted digital signals may be output through a display
5300 or stored in the memory device 2200 through the
controller 2100. In addition, data that is stored in the
memory device 2200 may be output through the display
5300 under the control of the processor 5100 or the con-
troller 2100.

According to an embodiment, the controller 2100 that is
capable of controlling the operation of memory device 2200
may be implemented as a part of the processor 5100 or may
be implemented as a chip that is separate from the processor
5100.

FIG. 10 is a diagram illustrating a memory system accord-
ing to an embodiment of the present disclosure.

Referring to FIG. 10, the memory system 70000 may be
implemented as a memory card or a smart card. The memory
system 70000 may include the memory device 2200, the
controller 2100, and a card interface 7100.

The controller 2100 may control the data exchange
between the memory device 2200 and the card interface
7100. According to an embodiment, the card interface 7100
may be a secure digital (SD) card interface or a multi-media
card (MMC) interface, but is not limited thereto.

The card interface 7100 may interface the data exchange
between a host 60000 and the controller 2100 according to
a protocol of the host 60000. According to an embodiment,
the card interface 7100 may support a universal serial bus
(USB) protocol, and an interchip (IC)-USB protocol. Here,
the card interface 7100 may refer to hardware that is capable
of supporting a protocol that is used by the host 60000,
software that is installed in the hardware, or a signal
transmission method.

When the memory system 70000 is connected to a host
interface 6200 of the host 60000 such as a PC, a tablet, a
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digital camera, a digital audio player, a mobile phone, a
console video game hardware, or a digital set-top box, the
host interface 6200 may perform data communication with
the memory device 2200 through the card interface 7100 and
the controller 2100 under control of a microprocessor 6100.

What is claimed is:

1. A semiconductor device comprising:

a gate structure with alternately stacked conductive layers

and insulating layers;

a channel layer passing through the gate structure;

a memory layer positioned between the channel layer and

the conductive layers; and

barrier patterns positioned between the channel layer and

the insulating layers and separated from each other by
the memory layer,

wherein each of the barrier patterns includes a sidewall

facing the memory layer, and the sidewall includes a
curved surface.

2. The semiconductor device of claim 1, wherein the
memory layer is extended between the channel layer and the
barrier patterns.

3. The semiconductor device of claim 1, wherein the
memory layer includes memory patterns that are separated
from each other by the barrier patterns.

4. The semiconductor device of claim 1, wherein, in each
of'the barrier patterns, an area that faces the insulating layers
and an area that faces the channel layer are different.

5. The semiconductor device of claim 1, wherein the
barrier patterns include silicon nitride oxide, silicon oxide,
or a combination thereof.

6. A semiconductor device comprising:

a gate structure with alternately stacked conductive layers

and insulating layers;

a channel layer passing through the gate structure;

a tunnel insulating layer surrounding the channel layer;

a memory layer surrounding the tunnel insulating layer;

a blocking layer surrounding the memory layer; and

barrier patterns between the tunnel insulating layer and

the insulating layers and separated from each other by
the memory layer,

wherein each of the barrier patterns includes a first

sidewall facing the memory layer, and the first sidewall
is not straight.



